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Abstract The enormous gaps in the knowledge required to
understand medication errors and their related costs (or
wastes) in all hospital settings have become a growing
national concern. Such gaps are often the major reasons
causing risk for patient safety and creating waste to the
hospital. However, medication delivery system cannot be
successfully improved and implemented without a clear
understanding of various process flows running around the
entire hospital system. This paper presents a systems
mapping and analysis method to help understand and
reduce the medication delivery waste. The effectiveness of
our method is illustrated by a case study that we conducted
for the medication delivery process at Bozeman Deaconess
Hospital, MT.
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1 Introduction

Recently, drug errors have become so common in hospitals
that the hospitalized patients should expect to suffer at least
one everyday [1–4]. In the latest report, the Institute of

Medicine estimated that medication-related errors harm
approximately 1.5 million people in the US, costing the
nation at least $3.5 billion annually [1–4]. Clearly there
must be gaps in the knowledge required to understand and
reduce medication errors and their related costs. Medication
errors associated with the highest risk of harm are
intravenous (IV) medication errors [5–8]. IV medications
are associated with 54% of potential adverse drug events
(ADEs) [9], 56% of medication errors [10], and approxi-
mately 61% of the serious and life-threatening errors [11].
In efforts to improve patient safety, healthcare systems need
to give first priority to preventing the medication errors
with the greatest potential for harm. By targeting efforts to
avoid IV errors, hospitals can achieve the most rapid and
significant impact on improving medication safety. For
example, a potentially fatal error with IV medications
includes programming an insulin infusion for a 67 kg
adolescent at 7 units/kg/h (the dose ordered was 7 units/h)
or mistakenly pressing a “0” in place of a decimal on a
neonatal infusion, changing it from 3.2 to 304 ml/h. A nurse
would never give 100 pills to a patient, but can all too easily
program a general-purpose IV pump to deliver a compara-
tively massive overdose [6, 12].

To help with these challenges, the Institute of Medicine
[13, 14] promoted a systems engineering approach to
enable different functional units to understand how their
individual capabilities and efforts can be designed and
optimized as a system. However, given the complexity of
medication delivery systems, which usually involve coor-
dination and management of various hospital employees,
multiple streams of information and material flows across
multiple care settings, achieving high patient safety and
operating performance seems like a daunting task. Better
methods and tools to help understand the sources of
medication errors and their consequences are needed in
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order to reduce the associated harm to patient safety and
system performance. This paper presents a micro-level
systems mapping and analysis method to help managers
visualize and understand how a system actually works,
comprehend the costs (or wastes) associated with the errors
occurred in the current medication delivery system, and
finally improve the system performance and patient safety.
The effectiveness of the method is illustrated by a case
study that we conducted for the IV delivery process in the
Pharmacy Department at Bozeman Deaconess Hospital
(BDH) in Montana.

In general, the medication delivery system at BDH can
be divided into three delivery processes: (1) narcotics; (2)
IVs; and (3) pill-medications. To fulfill the demand of the
patients in BDH, each day all three processes are
undertaken simultaneously. The goal is to deliver the right
dose of the right medications to the right patients at the
right time through the right route. Virtually all pharmacists
and technicians are cross-trained on all three processes.
Fortunately, BDH has no record of critical medication
errors resulting in patient death or serious health complica-
tions. However, in recent years, BDH has experienced a
considerable increase in medication errors and wastes of
IVs and pill-medications. The BDH managers suspected the
errors to be inherited in miscommunication on medication
orders, lost orders, delivering incorrect medications or
incorrect number of medications to the nursing floors,
stocking medications in the wrong bins, and/or lack of
standardization and simplification in the process. To deal
with such problems, BDH initiated cooperation with the
research team (the authors of this paper) for medication
delivery system analysis including the delivery of IVs, pills,
and narcotics. The goal of the study was to identify the
major factors causing the medication errors and wastes as
well as to propose improvement solutions.

2 The systems mapping and analysis method

There are many ways for effective process mapping that is
also known as process charting or flow charting (i.e., basic
flowchart, cross-functional flowchart, data flow diagram,
specification and description language diagram, or Nassi-
Shneiderman diagram). It is one of the oldest, simplest and
most valuable techniques for streamlining work. A process
flow visually depicts the sequence of events to build a
product or generate an outcome. It may include additional
information such as cycle time, inventory, and equipment
information. Several systems of conventions exist. The
original system was invented by Frank Gilberth in the early
of 1900. For example, value stream mapping (VSM) is
often used along with lean manufacturing concepts to study
and analyze manufacturing systems. In general, lean

manufacturing can be described as a philosophy, a
perspective that abhors waste in any form, strives to
eliminate defects, and continually attacks both in a never-
ending pursuit of perfection [15–17]. However, most
descriptions of lean manufacturing quickly move beyond
the philosophy to an interrelated set of practices that range
from overall material flow in the factory to detailed work
and equipment design to human resource practices [18].
The VSM technique helps identify and understand the flow
of resources and information as a product or service makes
its way through the process [19]. VSM starts with
physically mapping the “current state” of the system that
serves as the basis of helping systems analysts or managers
recognize the problems and identify their causes. VSM also
focuses on where we want the current system to be by
means of a “future state” map that will serve as a blueprint
for any future improvements. The major benefits of VSM
over other techniques are: (1) VSM helps visualize the
process using iconic representation; (2) VSM helps identify
the sources of waste in the process; (3) VSM shows the
linkage between information flow and material flow; and
(4) VSM helps form the basis of an implementation plan.
Even though VSM is a widely accepted technique for
process mapping, its application outside manufacturing is
limited. Most researchers investigating visual representation
of the process in healthcare settings find that visual
representation may be effective in improving work pro-
cesses [20–24]. Furthermore, Ghosh and Sobek [25] found
that iconic representation of the process promotes joined
communication and behavioral change towards a common
purpose in improving organizational work processes. Their
findings seem to be in agreement with the recommendation
by scholars who consider that communication, shared
investigation, and experimentation are key ingredients to
promote effective problem solving and long lasting
improvements [26, 27]. We hope that our study can help
further enhance the understanding of effective process
mapping and analysis in healthcare.

Medication delivery errors and their associated costs (or
wastes) cannot be successfully understood and improved
without a clear understanding of various process flows
running around the entire hospital system (i.e., medication
flow, task flow, departmental flow, information flow, etc.).
Figure 1 shows a systems mapping and analysis method,
which can help healthcare managers to analyze and
improve different process flows that take place everyday
within and between various departments in the hospital. A
visual representation of medication delivery system, a
current state map, combined with a micro-level systems
analysis approach effectively points out the sources of
wastes, inefficiencies and potentials for patient risks that
exist in the current system. After discovering the core
sources of problems and their associated costs in the current
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system, the hospital managers can improve the system by
solving the right problem in the right way at the right time
based on the following four-step procedure: (1) identify
major problems (find causes, not effects); (2) describe
improvement actions (what needs to be done?); (3) describe
implementation plan (how and when it needs to be done?);
and (4) prepare and describe improvement measurement
plan (how to compare the current system vs the new
system?). The improved medication delivery system is then
shown by another visual representation, a future state map.

Furthermore, leading healthcare organizations and
researchers have recommended that analysis and improve-
ment actions should focus on the following three principles:

& Technology: There is considerable evidence linking the
use of technology to improved quality and safety of
medication delivery [28–34]. The managers should
strive to achieve higher productivity, efficiency and
improved patient safety through a more proficient use
of automation and information collection, processing,
communication and management.

& Process: The managers should try to simplify and
standardize the workflows within their systems [35, 36].
In general, simplifying key medication delivery pro-
cesses can minimize problem solving and greatly reduce
the likelihood of errors [37]. The purpose of standard-
ization should be to reduce reliance on memory and
vigilance as well as to make effective use of constraints
and forcing factors [13, 14]. It allows the newcomers
who are unfamiliar with a given process or device to
use it safely.

& Human Factors: Human beings do have certain
intellectual strengths, such as large memory capacity,
large repertory of responses, flexibility in applying
these responses to information inputs, and ability to
react creatively and effectively to the unexpected
events. Human beings also have limitations including
difficulty in attending carefully to multiple things at
once, difficulty in recalling detailed information quick-
ly, and generally poor computational ability. The
literature has suggested that the limitations of human
mind should be taken into account while designing
work systems in which humans are expected to work
[38–41]. For example the “difficulty in attending
carefully to multiple things at once” is one of the major
limitations of human mind, so the managers should take
such limitation into account while designing work
processes in the hospital. In other words, managers
should not design work processes that rely on workers’
attention to multiple things at once. The hospital
managers should focus on integrating intellectual
strengths and limitations of humans into the system
analysis, modeling and design.

2.1 How to create a current state map

From our field study at BDH and literature research, we
learned that data collection in hospital settings can be very
difficult and time consuming [42]. Therefore, we propose

Fig. 1 The systems mapping and analysis method
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that both qualitative and quantitative data for current state
map creation be collected based on the participant–observer
method [43]:

& Direct Observation: We noticed that quite often the
problem-solving and systems improvement efforts in
the healthcare sector failed during the implementation
because the managers did not sufficiently understand
the current conditions. In-depth and detailed under-
standing of the current process as it is actually
performed, rather than how it should be done or how
someone says it is done, is absolutely critical. Workers
and supervisors can often describe how the process
generally works, or how it is supposed to work, but
deviations from this general or hypothetical conception
usually hold the key to the problem. So direct
observation is needed.

& Direct Conversation: The information for describing the
problem extent should be accurate and precise, and
should not rely on educated guesses. So direct conver-
sation is needed.

It is difficult to create a well-structured current state map
during the participant–observer sessions due to the dynamic
interactions with the participants in the study. Therefore, the
system’s analyst needs to systematically collect and
document the following information based on our method:

& Task Workflows Information: to understand and visualize
the entire departmental process from the first task to the
last. Each task is defined as a sequence of instructions
that accomplish an important and easily identifiable
chunk of work within the system workflow. We
recommend utilizing a letter–number description (i.e.,
A1, A2, and A3) for individual tasks, so they can be
easier linked and identified on the map to create a
workflow. For example, five tasks (A1 to A5) at the
bottom of Fig. 2 form one of the workflows in the
system.

& Batch Size: to indicate the operational size for standard
batch under which the task is expected to be performed
with respect to the current process and procedure. The
batch size per task is measured by two distribution

Fig. 2 Current state map for the IV delivery process at BDH

58 Health Care Manage Sci (2008) 11:55–65



functions: (1) uniform (U) with two parameters (mini-
mum batch size and maximum batch size); and (2)
triangular (T) with three parameters (minimum batch
size, average batch size, and maximum batch size).

& Cycle Time (CT): to measure the operational time for
one unit and/or one standard batch size under which the
task is expected to be performed. The cycle time per
task is measured by two distribution functions: (1)
uniform (U) with two parameters (minimum cycle time
and maximum cycle time); and (2) triangular (T) with
three parameters (minimum cycle time, average cycle
time, and maximum cycle time).

& Human Resources (HR): to understand which human
resources (i.e., employees) are used for the task. The
official name (i.e., IV Technician, IV Pharmacist, etc.)
is given to the task. For example, task A2 in Fig. 2 is
performed by IV technician.

& Availability (A): to understand the procedural time that
is assigned for the specific task. The availability time
represents how long the task is expected to take, so that
the daily workload can be planned. For example, task
A2 in Fig. 2 is assigned by a procedural time to be
completed from 7:30 A.M. to 8 A.M.

& Departmental Connections: to visualize the connections
or flows between departments (represented by big
arrows with white filling). Such arrow is shown at the
bottom of task A4 in Fig. 2.

& Manual and Electronic Information Flows: to visualize
the manual and electronic information flows between
and within departments (manual information flow is
represented by solid arrow and electronic information
flow is represented by solid broken arrow). We also use
iconic representation for different delivery types. For
example, the electronic connection with a telephone
icon in Fig. 2 means that the telephone system is used
to send orders from a department to pharmacy.

& Inventories/Queues: to visualize when inventories or
queues are used during the process (represented by a
triangle with letter “I” for inventory and letter “Q” for
queue).

& Problem/Improvement Notes: to indicate potential prob-
lem/improvement areas for the process shown by the
“storm burst” symbols.

Our method is developed based on the principles of
VSM. In general, the major difference between our method
and VSM lays in the information content of task character-
istics. From our field study at BDH, we have learned that it
is often not possible to collect meaningful data on value
added time (VAT) while studying medication delivery
process. The difficulty in data collection on VAT can be
attributed to the lack of standardization and/or simplifica-

tion of tasks in healthcare industry. Therefore, in our
method we excluded the information of VAT and added the
information of availability (A) to represent when and how
long the tasks take place. Other minor differences include
the display representation of human resources (HR)
information and the use of iconic representation of con-
nection types (i.e., ‘phone picture’ on the map to indicate a
connection that utilizes phone).

Figure 2 shows a current state map we created for the IV
delivery process at BDH in order to help with the systems
analysis and improvement.

The layout organization of the current state map depends
on the evaluator’s preferences. We do not entail that the
representation of the process has to follow an order from
left to right or top to bottom. However, we do suggest the
use of ‘task workflow information’ (i.e., A1, F1) to indicate
the individual processes within the system (i.e., A1 to A5 or
F1 to F4). Connecting individual processes can be easily
done by utilizing our manual or information flow arrows
(e.g., the solid arrow connecting task C1 to D2 on current
state map in Fig. 2). Additionally, the concurrency among
any tasks included in the system can be studied using the
availability (A). The managers should keep the current state
map as “constructively simple” as possible. We can always
add the complexity to the map later, if necessary.

2.2 How to perform systems analysis

Researchers have suggested that healthcare is a complex
industry where one component in the system can interact
with the other components, sometimes in unexpected or
invisible ways [44–46]. Such settings very often result in
perception bias that leads evaluators into simplifying the
causes of an accident, highlighting a single element as the
cause, and overlooking multiple contributing factors to
arrive at a simple solution or to blame an individual, but
difficult to determine what really went wrong within the
system. According to the Institute of Medicine [14], very
few healthcare professionals or administrators are equipped
to think analytically about healthcare delivery as a system.
The use of current state map can help managers visualize
and comprehend their medication delivery systems prob-
lems and lead to effective improvement actions with respect
to process, technology and human factors. Furthermore, to
avoid any major oversights and maximize the probability of
success, managers should follow the four-step procedure of
systems analysis aforementioned.

Due to the complexity of medication delivery systems, it
is difficult to simply follow these four analysis steps and
find the root causes of the problem. To facilitate the
analysis process, we recommend managers to create the
current state maps and analyze them systematically by
linking identified system issues to systems characteristics
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(i.e., task sequence, batch size, cycle time, human resources
qualifications and availability). By doing so, managers are
prompted to analyze the identified problems for the entire
system but not just focus on the “isolated areas” which
often represent the direct effects of the true root causes.

2.3 How to create a future state map

Now that the managers have gained a good understanding
of how the work currently gets done in the system and have
a good grasp of the root cause(s) of the problems, they are
ready to consider how the system can be improved. The
goal of the future state map is to address the root cause(s)
while conforming to the three principles (technology,
process and human factors). The idea is to move the system
closer to an ideal state of providing exactly what the
customer (patient) needs, safely, when needed, in precisely
the right quantity, and without waste. Therefore using the
same tools as in the current state map and with the root
causes in mind, a future state map is created, which is a
diagram of how the envisioned system will work with the
improvements in place. As in the current state map, the
future state map should be as “constructively simple” as
possible.

3 Why it works

We have successfully applied our systems mapping and
analysis method to different departments/units at BDH. We
have been able to resolve problems that had been
unsuccessfully attempted by the hospital in the past. The
successful uses of our method are due to the following key
factors:

& The method demands the documentation of how the
system actually works. The best and probably the most
credible way to document the actual work is to directly
participate and observe it. Recreating the processes
from memory in a meeting room often results in
inaccuracies and overgeneralizations. It is usually the
aberrations and the small, easily overlooked details of
the workplace that cause the inefficiencies or quality
issues.

& The method enables people who are close to the work
to help solve problems. Their valuable insights can be
recorded and used later during the analysis sessions. It
is everybody’s job to solve problems and improve the
system.

& The iconic nature of the map with information on
system characteristics makes it a closer representation
of the actual system compared to the other process
representations such as flow chart. Therefore, managers

or analysts are able to “see” the problems more clearly
and grasp how their system works more accurately.

& The method prompts managers to perform a system-
wide analysis by linking the identified problems to
system characteristics (i.e., batch size, cycle time, etc.),
which consequently can help lead to the recognition of
the problem root causes and therefore a successful
system improvement.

4 Case study

Bozeman Deaconess Hospital (BDH), the only hospital in
Gallatin Valley, Montana, is a not-for-profit organization
that has been serving Bozeman since 1896. With 89
inpatient beds and over 800 employed staff including more
than 120 medical staff specializing in numerous fields of
medicine, dentistry and podiatry, BDH is an essential part
of Gallatin Valley’s healthcare system. In this IV delivery
case study at BDH, we focused on one primary problem
reported by the pharmacy managers, namely, high volume
of wasted IVs.

4.1 Current state map

To create a current state map, a graduate research assistant
directly participated and observed the IV delivery process
from 7 A.M. to 5 P.M. for 1 week. To offset the potential
response bias known also as Hawthorne effect [47], we
triangulated our data collection by observing multiple
pharmacists and technicians on each process as well as
crosschecked the findings with pharmacy employees and
manager. To make sure that no steps were missed or
misrepresented informal interviews with pharmacy techni-
cians and managers were arranged to uncover the aberra-
tions to the general procedure. Figure 2 shows the current
state map for the IV delivery process. For example, the
workflow for the new IVorders (indicated by J1 to J2 to J3)
has been observed to process 16 to 48 IV orders per day
with an average of 32 IV orders per day. The cycle time for
task J1 (manual computer order entry) performed anywhere
between 6:30 A.M. and 4:30 P.M. by an order entry (OE)
pharmacist has been found to range from 0.5 to 2 min per
IV order with an average time of 1 min per IV order. Next,
from 7:30 A.M. to 5:50 P.M. the IV orders are passed to IV
technician for the first dose order assembly (task J2) that
requires a cycle time anywhere from 2 to 6 min per IVorder
with an average time of 4 min per IVorder. After assembly,
the IVs are checked by the IVor OE pharmacist before they
can be delivered to the departments. First dose orders check
(task J3) is accomplished anywhere from 7:30 A.M. to
5:50 P.M. and takes on average about 30 s per IV.
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4.2 Systems analysis

In the stage of systems analysis, we performed the
analysis by linking the identified problems (shown on the
current state map) to the issues of task workflow, batch
size, cycle time, human resources and availability. We
found that the root cause of the problems was associated
with the task workflow design and scheduling issue in
the current IV delivery process that the physician and
pharmacist morning rounds (where the IV prescriptions
and discontinuations take place) were not correctly
synchronized. In Fig. 2, the function of task B1
(“pharmacist morning rounds”) is to allow the IV
pharmacist about 2 h (from 9 to 11 A.M.) to visit with the
patient care units and to perform a check on patient’s IV
status after the physician morning rounds. At the first
glance, from the perspective of acquiring the patient’s IV
status update after the physician rounds (from 6 to 9 A.M.),
the schedule of task B1 seems adequate. However, the
compounding and delivering of both IV “piggy bags” or
(IVPB; tasks A1 to A4) and IV “large volume” (or IVLV;
tasks D1 to D3) to the patient care units are performed
from 7:30 to 9:15 A.M. and 10 A.M. to noon respectively,
which loses its entire purpose and creates a number of
medication delivery errors and wastes due to schedule
conflicts. For example, before the IVPB compounding and
delivering, the IV technicians virtually do not know any
information being updated during the physician morning
rounds (i.e., discontinued, adjusted and/or new IVPB)
because the pharmacist rounds are from 9 to 11 A.M.,
which results in 10 to 30 of IVPBs (about 25 to 37.5% of
all IVPBs) to be credited and wasted per day. In the case of
IVLV, although the IV technicians have 1 h from 11 A.M. to
noon (after the pharmacist rounds) to correct their orders
before delivery, we found that 5 to 20 of IVLVs (about 25
to 50% of all IVLVs) per day are incorrectly delivered and
need to be wasted. Consequently, the current process not
only risks the patient safety but also decreases the
productivity and efficiency of medication delivery system
at BDH. Two major goals were established in order to deal
with the identified problems in the current IV delivery
process:

& Adjust the IV delivery process and schedule to
accommodate the physician morning rounds.

& Establish new procedures to set up timely communica-
tions for IV orders between the pharmacist morning
rounds and the IV technicians’ compounding.

A team (including the process analysts, the pharmacy
manager and the nurse supervisor) was organized to
accomplish the improvement goals for the IV delivery
process.

4.3 Future state map

According to the current state map and systems analysis,
the final future state map for the IV delivery process
improvement shown in Fig. 3 was completed after several
team meetings and discussions. The final decision to
implement this particular solution was arrived based on
two major factors: (1) benefits for patient safety; and (2)
budget limitations. We do not claim that our solution at
BDH for the IV delivery process is optimal, however, we
believe it is a very good solution with a potential for future
developments towards ‘zero error’ and ‘zero waste’. In
general, the future state map provides a visual representation
of the improved system, which helps managers comprehend
their goals and lead to effective implementation of the new
system. The future state map in Fig. 3 particularly shows two
major changes for the IV delivery process:

& In order to accommodate the physician morning rounds
(i.e., 6–7 A.M. with ICU, 7–8 A.M. with Medical Floor,
and 8–9 A.M. with Surgical Floor), the pharmacist
morning rounds are rescheduled to 7–9:30 A.M. (i.e.,
7–7:30 A.M. with ICU, 7:30–8:30 A.M. with Medical
floor, and 8:30–9:30 A.M. with Surgical Floor), instead
of 9–11 A.M. As a result, the pharmacist is able to
complete his/her rounds following the physician rounds
in each department.

& The IVPB and IVLV deliveries are combined into task
C4 (as shown in the future state map), which will be
performed from 10:45 to 11:15 A.M.

These two changes allow the IV pharmacist to update the
IV technicians on patient’s IV status and the changes that
were given by the physicians during their morning rounds.

Finally, the new IV delivery procedures will incorporate
three main points outlined below:

& The IV pharmacist should visit the care units based on a
fixed schedule following each of the physician rounds.

& The IV pharmacist should update the collected infor-
mation to the pharmacy software in a designated
computer in the department after each completed care
unit visit.

& The IV technician should receive an order confirmation
from the pharmacist on any “high risk” or expensive IV
before compounding it.

In summary, the direct benefit of these changes is the
capability of compounding and delivering the right dose of
the right IV to the right patient at the right time through the
right route, which minimizes the waste, reduces the rework,
and improves the system performance and patient safety.

The pharmacy manager and the nurse supervisor were very
satisfied with the proposed solutions and the effectiveness of
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the meetings during which the improvements have been
discussed and finalized. We believe that the rationale behind
the positive responses is mainly the recognition of the root
causes of the problems that the managers suspected to have,
however, could not visualize and comprehend due to the
complexity of the system. Furthermore, to compare the new
IV delivery system versus the old one, an improvement
measurement plan aiming at estimating the IV delivery wastes
with respect to physical medications and human resources was
developed. A follow up study was scheduled to take place
6 months after the implementation of the new system.

5 Reducing waste due to medication delivery errors

With the concept of five rights or “5Rs” [14] in mind, we
consider medication delivery errors, regardless of their

consequences, as additional costs (or wastes) to system
performance and patient safety in this paper. We introduce
the following factors to estimate the cost or waste due to
medication delivery errors:

& Medication Waste: the dollar amount corresponding to
physical medications that are being wasted due to
medication delivery errors.

& Human Resource Waste: the dollar amount correspond-
ing to the productive times of human resources being
wasted due to medication delivery errors (including
rework).

We collected the IV medication waste by looking into
the BDH’s IV crediting software that records the medi-
cations being wasted due to medication delivery errors. The
data include the date, the drug name, and a short descriptive

Fig. 3 Future state map for the IV delivery process at BDH
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explanation of what happened (i.e., the reason behind the
waste). The IV medication waste per year was estimated to
be between $11,942 and $26,896 with 95% confidence
interval based on 30 days of samples randomly selected
from 6 months of data in the computer.

The current state map provided us with all the
information needed to estimate the IV human resource
waste. Table 1 shows a breakdown of the IV resource waste
made by each task, along with the batch size of medications
being wasted, the task cycle time, and the salary rate of the
human resources assigned to the task. Please note that the
human resource waste usually is not incurred by an
individual task but by a sequence of tasks that lead to the
occurrence of medication delivery errors. Therefore, we
analyzed the entire sequence of tasks from A1 to A5 and
from D1 to D3. For example, to calculate the human
resource waste of task A2, we divided the average cycle
time of 30 s (to compound the IVPB restock) by 3,600 to
normalize it to the hour unit, which was then multiplied by
$12/h salary rate and by the minimum and maximum batch
sizes U(10,30) of the wasted IVPBs at the end of the

process, respectively. The calculations yielded the human
resource waste of task A2 uniformly ranging between
$1/day and $3/day. The human resource waste in $/day for
all other related tasks was estimated in the same way. The
total IV human resource waste per day was between $12.75
and $40.95, which consequentially led to the IV human
resource waste per year anywhere from $4,653 to $14,946.
Table 2 shows the total annual cost (or waste)—a minimum
of $16,595 to maximum of $41,842—due to medication
delivery errors in the current IV system by combining the
costs of the IV medication wastes and human resource
wastes that we estimated earlier.

Six months after the new system was implemented, we
performed the identical study again. Table 3 shows the total
annual cost (or waste) for the improved IV delivery system.
The improvement was very satisfactory reducing the annual
cost (or waste) by at least $10,775 (from $16,595 to
$5,820) and at most of $33,399 (from $41,842 to $8,443),
which represent about 3 to 9% of the pharmacy’s
operational budget.

6 Conclusions

Our systems mapping and analysis for the IV delivery
improvement at BDH was a success. It begins with a
construction of the current state map which represents the
way the work is actually being done. We have learned that
such visualization is very helpful to remove inaccuracies
and over-generalizations during the improvements. Not
only it allows the managers to visualize and better
understand their medication delivery system, it also helps
them solve the problem from a system-wide perspective.

The current and future state maps can also significantly
help reduce meeting times because people communicate
more effectively via the map. We also learned that the
electronic version of the map can be very useful allowing
any changes or additions to be easily made. Additionally,
the electronic version of the maps offers another benefit of
sharing the maps via e-mail or internet with the other
employees who are not able to meet in person.

Table 1 The IV human resource waste due to medication delivery
errors at BDH

Task Batch
Size
(number
of units)

Cycle Time
(s/unit)

Human
Resource

Salary
Rate
($/h)

Human
Resource Waste
($/day)

A1 U(10,30) 1 IV techn. 12 ≈ ($0, $0)
A2 U(10,30) T (15,30,120) IV techn. 12 ($1, $3)
A3 U(10,30) T (20,30,40) IV pharm. 46 ($1, $3)
A4 U(10,30) 15 IV techn. 12 ($0.5, $1.5)
A5 U(10,30) T (30,45,60) IV pharm. 46 ($5.75, $17.25)
D1 U(5,20) T (60,90,120) IV techn. 12 ($2, $6)
D2 U(5,20) T (20,30,40) IV pharm. 46 ($1.9, $7.6)
D3 U(5,20) 40 IV techn. 12 ($0.6, $2.6)
Total $/Day ($12.75,

$40.95)
Total $/Year ($4,653,

$14,946)

Table 2 Cost performance for the current IV delivery process at BDH

Sources of
Waste

Estimation Method Total Waste
($/year)

Medication
Waste

95% C.I. (sample
size=30)

($11,942, $26,896)

Human
Resource Waste

(batch size×average
cycle time×salary rate)

($4,653, $14,946)

Total ($16,595, $41,842)

Table 3 Cost performance for the future IV delivery process at BDH

Sources of
Waste

Estimation Method Total Waste
($/year)

Medication
Waste

95% C.I. (sample
size=30)

($3,942, $5,896)

Human
Resource Waste

(batch size×average
cycle time×salary rate)

($1,878, $2,547)

Total ($5,820, $8,443)
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In summary, we anticipate that once the hospital
employees are provided with the training needed to execute
the method we developed in this paper, the results obtained
from the implementation will be satisfactory.
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